A neutralization-resistant mutant of Newcastle disease virus (NDV) Kr005 strain belonging to class II genotype VII was generated using a neutralizing monoclonal antibody and its biological effects were assessed. The mutant showed single amino acid substitution (E to K) at position 347 of the hemagglutinin-neuraminidase (HN) protein (E347K mutant). The E347K mutant exhibited marked rounding of the cells and few syncytia in infected chicken embryofibroblast (CEF) cells. The hemadsorption and neuraminidase activities of the E347K mutant of the wild-type virus were 118% and 166%, respectively. The mutant produced a rapid elution pattern whereas the wild type had a slow elution pattern. Growth kinetics studies showed that the E347K mutant produced an 80-times higher yield of extracellular virus in CEF cells compared with the wild-type virus. The time-course virus titer showed a marked increase in mutant-infected cells from 6 h to 12 h post infection (pi), which was consistent with the titer pattern time-course for NA activity. The E347K mutant virus showed a slight decrease in virulence compared to the wild-type virus, but there was no change in pathotype when measured by in vivo pathogenicity testing. These results suggest that an E347K mutation in HN protein might be associated with increased NA activity and subsequent enhancement of virus release from infected cells without change in viral pathotype.
INTRODUCTION
Newcastle disease virus (NDV) is the causative agent of the devastating Newcastle disease (ND), which causes substantial economic losses in the poultry industry. The virus is a single-stranded RNA virus that belongs to the genus Avulavirus in the family Paramyxoviridae (1, 2) . The viral RNA genome encodes at least six proteins, i.e., nucleocapsid protein, phosphoprotein, matrix protein, fusion protein (F), hemagglutinin-neuraminidase (HN), and large polymerase.
The HN protein is one of two envelope glycoproteins and it is a multifunctional molecule (3~6). The HN protein recognizes sialic acid-containing receptors on cell surfaces, which promote fusion activity via the HN-F interaction.
The HN protein allows the virus to penetrate the cell surface, while it also acts as a neuraminidase during the release of viral progeny from the infected cell. The HN protein 330 contains at least five neutralizing antigenic sites including site 23 (residues 193 to 211), site 1/14 (residues 345 to 352), site 12 (residue 494), site 2/12 (residues 513 to 521), and site 2 (residue 569) (7) . Of these sites, site 1/14 is known to be the major linear epitope of HN protein (8) In this study, we generated an E347K mutant virus that escaped from a neutralizing monoclonal antibody (mAb), 10F11, and determined the effects of the mutation on the biological properties of HN protein in NDV.
MATERIALS AND METHODS

Virus and antibody
The virulent NDV strain Kr005 (18) was used as the wildtype virus to generate a neutralization escape mutant. The Kr005 virus was propagated in 9 to10-day-old embryonated specific pathogen-free (SPF) chicken eggs until use. MAb 10F11 (IgG1, kappa) bound to the HN protein of NDV was produced at our laboratory from Balb/c mice immunized with recombinant HN protein of NDV, which was expressed by a recombinant baculovirus (19) using the previously described protocol (20) . In preliminary work, the 10F11 antibody had virus-neutralizing activity and inhibited hemagglutination of NDV Kr005 strain (see Table 1 ). The supernatant collected from 10F11 antibody-secreting hybridoma cells was clarified by low speed centrifugation, and stored at -20℃ until use. Chicken NDV antiserum (to NDV Kr005 strain) and specific pathogen free (SPF) chicken serum were used as positive and negative controls, were electrophoresed on 1% agarose gel. Slices of gel containing the DNA bands of the expected sizes were purified using a Qiaquick Gel Purification Kit (Qiagen).
Purified DNA products were subjected to direct nucleotide sequencing using a Dye Terminator Cycle Sequencing Kit 
Titration of extracellular virus in infected cells
The growth kinetics of NDV was determined in primary CEF cells. Briefly, primary CEF cells were grown in sixwell plates and infected using NDV at 1 MOI. After adsorption for 1 h, the infected cells were washed using phosphate-buffered saline (PBS) and the medium was replaced, before cultures were incubated at 37℃. At 6, 12, 24, 48, and 72 h pi, 100 μl of culture supernatant was collected and the viruses were stored at -70℃, before virus titration of CEF cells in 96-well plates. Virus titers of the samples were determined using a serial endpoint assay of CEF cells in 96-well plates, with four wells per virus per dilution. Titers were calculated as the 50% endpoint tissue culture infectious dose (TCID 50 /ml) using the Reed and Muench method (24) . All tests were repeated three times.
RESULTS
Generation of neutralization-resistant NDV escape mutant
NDV Kr005 strain was serially passaged in CEF cells in the presence of mAb 10F11. CPE was not apparent in the cell monolayer during the first several passages. However, CPE developed rapidly and consistently in the cell monolayer after eight passages. Infected cells were rounded and granulated with few syncytia, which were small-sized in the cell monolayer (Fig. 1B) . By contrast, the wild type Kr005-infected cells in the absence of 10F11 antibody developed large-sized syncytia during every passage in CEF cells (Fig. 1A) . After 10 passages, the Kr005 viruses propagated in either presence or absence of the 10F11 antibody were purified by plaque assay and then used as mutant and wild-type viruses, respectively.
A virus neutralization test was used to test whether the E347K mutant virus could escape mAb 10F11. Table 2 shows that mutant virus escaped from mAb 10F11 (VN 
Sequence analysis of the NP, F, HN and L genes of the mutant virus
To determine the localization of the mutation that con- Table 3 ). The results indicated that amino acid residue E347 in the HN protein may be critical to the antibody 10F11 neutralization-resistance of the NDV escape mutant.
Thus, the mutant was designated as an E347K mutant.
However, the sequences of NP, F and L genes were identical to those of the wild-type virus (data not shown).
Biological characteristics of the E347K mutant virus
Biological tests were performed to determine whether the E347K mutation affected the biological function of NDV, i.e., HAd, NA, and HA elution, and the results were compared with those of the wild-type virus. The percentage biological (HAd and NA) activity of the E347K mutant virus was determined relative to that of the wild-type virus, which was considered to be 100% (Table 3 ). The HAd activity of the E347K mutant was 118% of the wild-type virus. The NA activity of the E347K mutant was 166% of the wild-type virus. The E347K mutant was eluted rapidly from chicken red blood cells, whereas the wild-type virus had a slow elution pattern. The pathotype of the wild-type and E347K mutant virus was determined by the MDT and ICPI tests (23) . MDT values of wild-type and E347K mutant viruses were 49.6 h and 58.4 h, respectively. In other words, the E347K mutant virus took an average of 8.8 h longer than the wild-type virus did when the viruses kill chicken embryos ( Table 2 ). The ICPI value in day-old chickens was 1.88 for wild-type virus, and 1.57 for E347K mutant virus.
These results indicate that these viruses are classified as velogenic virus (≤60 hr for MDT and ≥1.5 for ICPI), according to the classification described by Alexander (23) .
When E347K mutant re-isolates from dead birds in the ICPI tests were sequenced for HN protein gene, no genetic variation on HN protein gene was found between challenge virus and its re-isolates.
Growth curve kinetics of extracellular virus from infected cells
The growth curve kinetics of extracellular E347K mutant and wild-type viruses were analyzed using CEF cells. The supernatant was collected from infected cells at the indicated time-points and virus titers were determined using CEF cells in 96-well plates (Fig. 2) . Cells infected with each virus displayed accelerated virus release up to 12 h pi, before reaching their peak titer. However, the peak titer 
DISCUSSION
In this study, we investigated whether an E347K mutation in the HN protein affected the biological function of NDV.
The biological effects of the E347K mutation were assessed Interestingly, the growth curve kinetics (Fig. 2) of the E347K mutant virus showed that it produced an 80-times greater yield of extracellular virus in CEF cells compared with the wild-type virus (Fig. 2) . The NA activity was markedly increased in the E347K mutant-infected cells from 6 h to 12 h pi, which was consistent with the pattern of virus titer release from infected cells. The E347K mutant virus had a higher NA activity and a more rapid elution pattern than the wild-type virus ( Table 2 
